Title of the Invention D-1175 
SPECTROPHOTOMETER 

Background of the Invention and Related Art Statement 
5 [0001] The present invention relates to a spectrophotometer, 
which can be used by itself, or used as a detecting section in a 
liquid chromatograph . 

[0002] Fig. 3 is a schematic view showing a conventional 
spectrophotometer. A light from a D 2 lamp (deuterium discharge 
10 Q tube) 2 as a light source is sent to a mirror 4 via an optical 

ri 

O system, not shown, which is formed of a lens, a mirror, a slit and 

(3 

Gt the like. The light reflected by the mirror 4 is sent to a grating 

Cig 6, and is divided by the grating 6. Then, the light with a 

iU- specific wavelength is irradiated via a mirror 8 to a flow cell 10 

15 \k disposed at a detection position. The light from the cell 10 is 

-5* 

detected by a photodiode 12 as an optical sensor. 

[0003] The grating 6 is rotated by a grating driving motor 14 
and sends light having different wavelengths to the mirror 8 and 
the cell 10 in accordance with an angle of the grating 6. Also, 

20 there is provided a grating home position sensor 16 for detecting 
a predetermined position (home position) which becomes a reference 
at the time of determining the angle of the grating 6. 
[0004] In the detector as described above, in order to confirm 
that the light is properly dispersed or provided in accordance with 

25 the set wavelengths, when the power is switched on, a position of 
the grating 6 called an original position, or also called a zero- 
order light position where a zero-order light or original of the D 2 
lamp is received on the cell 10, a position of the grating 6 called 
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a 486 nm bright line position where a bright line in a wavelength 
of 486 nm of the D 2 lamp is received, and a position of the grating 
6 called a 656 nm bright line position where a bright line in a 
wavelength of 656 nm is received, are detected to carry out a 
5 wavelength check. Fig. 4 is a waveform diagram showing a spectrum 
of D 2 lamp. 

[0005] In explaining operations at the time of switching on the 
power supply, after the power supply is switched on, the D 2 lamp 2 
is lighted up, and the grating 6 is rotated in a direction toward 
10 the sensor 16 by the grating driving motor 14. When the sensor 16 
U responds thereto to become "OFF" from "ON", the rotation of the 
|| grating 6 is stopped, and the grating 6 is located at the home 
position. 

n 

5 [0006] Next, a transmitted light from the cell 10 is detected by 

N 

15 jfij the optical sensor 12, and while being monitored, the grating 

a 

driving motor 14 is driven, so that the grating 6 is rotated step 
1^ by step from the home position to thereby scan a certain angle 
range which is determined in advance. Accordingly, a position of 
the grating 6 where an amount of the light transmitted through the 
20 cell is the largest is obtained, and this position is stored as an 
original position . 

[0007] Further, based on the original position as a reference, 
the grating 6 is rotated step by step, to thereby carry out the 
detection of the 486 nm bright line position and the 656 nm bright 
25 line position of the grating 6. From a relational expression, 
which is determined in advance, between a number of steps of the 
grating driving motor 14 and the wavelength, a number of steps from 
the original position corresponding to the 486 nm bright line 
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position and a number of the steps from the origin position 
corresponding to the 656 nm bright line position are respectively 
calculated. The number of the steps at the time of detecting the 
bright line is compared with the number of the steps obtained by 
the relational expression, so as to carry out the wavelength check. 
[0008] In case the spectrophotometer shown in Fig. 3 is applied 
to a detector of the liquid chromatography since an absorption of 
light by a sample generally occurs in the short wavelength region 
around 210 nm to 300 nm in the liquid chromatograph , the 
10 spectrophotometer is used by setting the detected wavelength at the 
J3 short wavelength region (refer to arrows showing a wavelength 
C3 region used for detection in Fig. 4). 

Kl [0009] In the spectrophotometer shown in Fig. 3, the wavelength 

5 

H check is carried out in the wavelength regions (486 nm and 656 nm) 
15 f| which are different from the short wavelength region used for 

is* 

fl detection. As described above, in case the wavelength region used 
for the detection differs from the wavelength region used for the 
wavelength check, the wavelength accuracy is lowered or 
deteriorated. Thus, it is preferable to carry out the wavelength 
20 check in the wavelength region used for detection. 

[0010] Accordingly, an object of the invention is to provide a 
spectrophotometer which can carry out a wavelength check in a 
wavelength region used for detection. 

[0011] Further objects and advantages of the invention will be 
25 apparent from the following description of the invention. 

Summary of the Invention 

[0012] To achieve the aforementioned object, the present 
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invention provides a spectrophotometer which comprises an optical 
system for irradiating light from a light source to a detection 
position; a light detecting section for detecting the light from 
the detection position; a spectral element driving mechanism for 
5 changing an angle of a spectral element provided on an optical path 
between the light source and the detection position or an optical 
path between the detection position and the light detecting 
section; and a reference position detecting section for detecting 
a reference position of the spectral element where a zero-order 
10 light or the bright line is irradiated to the detection position 
J::! based on electric signals from the light detecting section and the 

y : dispersing element driving mechanism. As the light source, the 

Q 

v3 spectrophotometer of the invention includes therein a lamp for 

m 

5 detection, which is provided for irradiating a light in a 
15 f|| ; wavelength region used for detection, and a lamp for wavelength 
j£ check, which has a bright line in the wavelength region used for 
|V detection. 

[0013] By detecting the reference position of the spectral 
element by using the bright line of the lamp for wavelength check 
20 within the wavelength region used for detection, the wavelength 
check in the wavelength region used for detection is carried out. 
Accordingly, an accuracy of the spectral wavelength can be 
improved . 

[0014] Throughout the specification, the reference positions 
25 mean an original position at the spectral element where zero-order 
or original light of the lamp for detection is ejected, and the 
bright line positions at the spectral element where the bright 
lines of the lamp for detection and the lamp for wavelength check 
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are respectively ejected. 



Brief Description of the Drawings 

[0015] Fig. 1 is a schematic structural view of an embodiment of 
the invention, partly shown in a block diagram; 

Fig. 2 is a flow chart showing an operation of the embodiment 
when a power supply is switched on; 

Fig. 3 is a schematic structural view showing a conventional 
spectrophotometer ; 

Fig. 4 is a waveform diagram showing a spectrum of a D 2 lamp; 

and 

Fig. 5 is a waveform diagram showing a spectrum of a low- 
pressure mercury lamp and a spectrum of the D 2 lamp, wherein a solid 
line indicates the spectrum of the low-pressure mercury lamp and a 
broken line indicates the spectrum of the D 2 lamp. 

Detailed Description of Preferred Embodiments 

[0016] In a spectrophotometer of the invention, examples of a 
lamp for detection and a lamp for wavelength check are a D 2 lamp as 
the lamp for detection and a low-pressure mercury lamp as the lamp 
for wavelength check. 

[0017] In the spectrophotometer of the invention, at least one 
of the lamp for detection and the lamp for wavelength check is a 
see-through type, and it is preferable to dispose the lamp for 
detection and the lamp for wavelength check on the same optical 
path. As a result, the optical path of the lamp for detection and 
the optical path for wavelength check can be combined, so that the 
reliability of the wavelength check can be improved. As the 



structural example of the arrangement, there can be exemplified a 
structure of arranging in the order of a lamp for wavelength check, 
a lamp for detection of a see-through type, and an optical system, 
or a structure of arranging in the order of a lamp for detection, 
5 a lamp for wavelength check of a see-through type, and an optical 
system. 

[0018] In the spectrophotometer of the invention, especially in 
the structure in which the lamp for detection and the lamp for 
wavelength check are disposed on the same optical path, when the 
10 q wavelength check is carried out in the condition that the lamp for 
pi detection and the lamp for wavelength check are lighted up at the 
;« same time, there might be a case that the bright lines can not be 
:;;J detected depending on the combination of the lamp for detection and 
* the lamp for wavelength check. 
15 jfjjj [0019] For example, in case the D 2 lamp is used as the lamp for 
jp detection and the low-pressure mercury lamp having the bright line 
!** at 254 nm is used as the lamp for wavelength check, as understood 
from the spectrum of the low-pressure mercury lamp shown by a solid 
line and the spectrum of the D 2 lamp shown by the broken line in 
20 Fig. 5, since an intensity of the light at 254 nm is higher in the 
D 2 lamp, there is a problem that the bright line at 254 nm of the 
low-pressure mercury lamp can not be detected in the condition that 
the D 2 lamp and the low-pressure mercury lamp are lighted up at the 
same time. 

25 [0020] In order to solve the aforementioned problem, it is 
necessary to turn off the D 2 lamp as the lamp for detection when the 
bright line of the low-pressure mercury lamp as the lamp for 
wavelength check is checked. However, there is a problem that the 
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life of the lamp for detection is shortened if on/off turnings of 
the lamp for detection are repeated, 

[0021] Therefore, in a reference position detecting section of 
the spectrophotometer of the invention, it is preferable to control 
5 operations of on/off turnings of the lamp for detection and the 
lamp for wavelength check, and operations of a spectral element 
driving mechanism and a light detecting section such that when the 
power supply is switched on, only the lamp for wavelength check is 
lighted up to detect a reference position of the bright line of the 

H 

10 p lamp for wavelength check, and thereafter, the lamp for detection 

!*.| 

p is lighted up to detect a reference position of a zero-order light 
j;j of the lamp for detection or a reference position of the bright or 
JjJ bright line. As a result, it is not necessary to turn off the lamp 
J for detection at the time of wavelength check when the power supply 
15 f| is switched on, and an operation of lighting up the lamp for 

-IS detection can be made only once, so that the lowering the life of 

\4 

(,i the lamp for detection can be prevented. 

[0022] Fig. 1 is a schematic structural view of an embodiment of 
the invention, partly shown in a block diagram. The constituents 
20 same as those shown in Fig. 3 are designated by the same reference 
numerals . 

[0023] A D 2 lamp 2 and a low-pressure mercury lamp 18 are built 
in as a light source. The D 2 lamp 2 is electrically connected to 
a power supply section 20, and is turned on and off by the power 
25 supply section 20. The low-pressure mercury lamp 18 is 

electrically connected to a power supply section 22, and is turned 
on and off by the power supply section 22. The D 2 lamp 2 and the 
low-pressure mercury lamp 18 are disposed on the same optical path. 
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The D 2 lamp 2 is a see-through type, and the light from the low- 
pressure mercury lamp 18 is transmitted through the D 2 lamp 2. 
[0024] The light from the optical path of the D 2 lamp 2 and the 
low-pressure mercury lamp 18 is sent to the mirror 4 via an optical 
5 system (not shown in the figure) formed of a lens, a mirror, a slit 
and the like. The light reflected by the mirror 4 is sent to the 
grating 6, and the light is divided by the grating 6. Then, the 
light with the specific wavelength is irradiated to a flow cell 10 
disposed at a detection position via a mirror 8. The light from 

lb* 

10 Q| the cell 10 is detected by a photodiode 12 as a light detecting 

rt 

q section. A main optical system forming the present invention is 
i4 formed of the optical system disposed between the D 2 lamp 2 and the 
fjjj mirror 4, the mirror 4, the grating 6, and the mirror 8. 
J [0025] Around the grating 6, there are provided a grating 
15 15* driving motor 14 as a spectral element driving mechanism, and a 

y 

■a* 

^grating home position sensor 16. 

H [0026] The photodiode 12, the grating driving motor 14, the home 
position sensor 16 and the power supply sections 20 and 22 are 
electrically connected to a reference position detecting section 24 

20 which controls operations of these constituents when the power 
supply is switched on and at the time of wavelength check. Also, 
the reference position detecting section 24 is electrically 
connected to a memory section 26 which stores the reference 
positions of the grating 6 and a result of the wavelength check. 

25 The reference positions of the grating 6 stored in the memory 
section 26 are, for example, an original position corresponding to 
the zero-order or original light of the D 2 lamp 2, a 254 nm position 
corresponding to the bright line at 254 nm of the low-pressure 
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mercury lamp 18, and a 656 nm position corresponding to the bright 
line at 656 nm of the D 2 lamp 2. The memory section 26 is provided 
for storing information non-erasably, and information stored in the 
memory section 26 is not erased even if the power supply of the 
5 device is switched off. 

[0027] Fig. 2 is a flow chart showing operations of the 
embodiment when the power supply is switched on. The operations of 
the embodiment will be explained with reference to Fig. 1 and Fig. 
2. 

10 J*; [0028] When the power supply of the spectrophotometer is 

it-si 

Q switched on, the reference position detecting section 24 reads out 

C:»|, 

0 a result of the last wavelength check, to determine whether the 

n 

y3 last wavelength check was normal or abnormal (step SI). 

(Q 

3 [0029] If it is determined that the last wavelength check was 
15 in normal (Yes), the 254 nm bright line position in the last check is 
% read out from the memory section 26 (step S2). 

J* [0030] Then, the power supply section 22 is controlled to light 
up only the low-pressure mercury lamp 18 (step S3), and the grating 
6 is scanned around the 254 nm bright line position in the last 

20 check by driving the grating driving motor 14, to thereby carry out 
the search of the position of the grating 6 where the bright line 
at 254 nm is emitted on the cell 10 (step S4). At this moment, the 
D 2 lamp 2 is turned off. Based on the detection signals of the 
photodiode 12 and the home position sensor 16, the position or step 

25 position of the grating driving motor 14 where the bright line at 
254 nm is ejected on the cell 10 is detected, and the position is 
stored as the 254 nm bright line position in the memory section 26 
( step S5) . 
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[0031] After the low-pressure mercury lamp 18 is turned off by 
controlling the power supply section 22 (step S6), the power supply 
section 20 is controlled to light up only the D 2 lamp 2 (step S7). 
By driving the grating driving motor 14, and based on the detection 
5 signals of the photodiode 12 and the home position sensor 16, a 
position or step position of the grating driving motor 14 where the 
zero-order light is ejected on the cell 10 is detected, and the 
position is stored as an original position in the memory section 26 
(step S8) . 

IK 

10 ; J55 [0032] Based on the detected original position, the grating 
*| driving motor 14 is driven, and based on the detection signal of 

W the photodiode 12, a position or step position of the grating 

Q 

tfi driving motor 14 where a bright line at 656 nm is ejected on the 
5 cell 10 is detected, and the position is stored as a 656 nm bright 
15 f|| line position in the memory section 26 (step S9). 

jg [0033] A wavelength deviation width between the 254 nm bright 
j£j line position, which is obtained by a relational expression 
determined in advance between a number of steps or rotations of the 
grating driving motor 14 and a wavelength set value, and the 
20 actually measured 254 nm bright line position, and a wavelength 
deviation width between the 656 nm bright line position, which is 
obtained by the relational expression, and the actually measured 
656 bright line, are respectively calculated to carry out the 
wavelength check (step S10), and a result of the wavelength check 
25 is displayed, and stored in the memory section 26 (step Sll). 

[0034] Explanation will be continued by returning to the step 
SI. At the step SI, when the last wavelength check is determined 
as an abnormal (No), the power supply section 20 is controlled to 
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light up the D 2 lamp 2 (step S12). At this moment, the low-pressure 
mercury lamp 18 is turned off. By driving the grating driving 
motor 14 , and based on the detection signals of the photodiode 12 
and the home position sensor 16, there is detected a position or 
5 step position of the grating driving motor 14 where the zero-order 
light is ejected onto the cell 10, and the step position is stored 
as an original position in the memory section 26 (step S13). 
[0035] The power supply section 20 is controlled to turn off the 
D 2 lamp 2 (step S14), and the power supply section 22 is controlled 
10 p to light up only the low-pressure mercury lamp 18 (step S15). 

iatf 

Q Based on the detected original position, the grating driving motor 

O 

Q 14 is driven, and based on the detection signal of the photodiode 
f| ; 12, there is detected a step position where the bright line at 254 
J. nm is ejected on the cell 10, and the position is stored as the 254 
15 ;!! nm bright line position in the memory section 26 (step S16). 

4* [0036] By controlling the power supply section 22, the low- 

CJ 

N pressure mercury lamp 18 is turned off (step S17), and the power 
supply section 20 is controlled to light up only the D 2 lamp 2 (step 
S18). Thereafter, detection of the 656 nm bright line position and 
20 the wavelength check are carried out by following the step S9 to 
step Sll. 

[0037] As described above, since the wavelength check at 2 54 nm 
is carried out by using the low-pressure mercury lamp 18, even if 
the D 2 lamp 2 is used as the light source for the short wavelength 
25 region, the accuracy of the wavelength of the light irradiated to 
the detection position can be improved. 

[0038] In this embodiment, if the last wavelength check is 
normal, when the power supply is switched on, before the original 
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position of the D 2 lamp 2 is detected, only the low-pressure mercury 
lamp 18 is turned on in advance to detect the 254 nm bright line 
position, and thereafter, the original position and 656 nm bright 
line position are detected, so that the 254 nm bright line position 
5 is converted later. 

[0039] Accordingly, by lighting up the D 2 lamp 2 only once while 
the power is on, the detection of the origin position and the 
wavelength checks at 254 nm and at 656 nm can be carried out, so 
that the life of the D 2 lamp 2 can be prolonged as compared to the 

10 case that the D 2 lamp 2 is turned on twice. 

CI 

pi [0040] Furthermore, it is necessary to preheat the D 2 lamp 2 for 
pi about 30 seconds in order to light up the D 2 lamp 2, and in case the 
% last wavelength check was normal, lighting of the D 2 lamp 2 is 
^ required just once, so that time required for wavelength check can 
15 H be shortened as compared with the case that the D 2 lamp 2 is lighted 
O up twice . 

0 [0041] In this embodiment, when the low-pressure mercury lamp 18 
is lighted up, only the position corresponding to the bright line 
at 254 nm is detected. However, the present invention is not 

20 limited thereto, and there can be detected a position corresponding 
to one of a bright line at 185 nm, a bright line at 302 nm, a 
bright line at 365 nm, and a bright line at 436 nm (refer to Fig. 
5), or there can be detected positions corresponding to a 
combination of or all of these bright lines. In these cases, the 

25 reliability of the wavelength check can be improved. 

[0042] In this embodiment, the see-through type of the D 2 lamp 
2 is used, and the D 2 lamp 2 and the low-pressure mercury lamp are 
disposed on the same optical path. However, the present invention 
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is not limited thereto, and the D 2 lamp 2 and the low-pressure 
mercury lamp can be disposed on the same optical path by using a 
see-through type of the low-pressure mercury lamp. Alternatively, 
an optical path switching mechanism can be disposed between the D 2 
lamp and the low-pressure mercury lamp, and by switching the 
optical path switching mechanism, one of the D 2 lamp and the low- 
pressure mercury lamp can be selected. However, it is preferable 
to dispose the D 2 lamp and the low-pressure mercury lamp on the same 
optical path in order to prevent the deviation of the optical path. 
[0043] Although the grating 6 as the spectral element is 
disposed on the optical path between the light sources 2, 18 and 
the detection position in the embodiment, the present invention is 
not limited thereto, and the spectral element can be disposed on 
the optical path between the detection position and the light 
detecting section . 

[0044] In the embodiment, the D 2 lamp is used as the lamp for 
detection, and the low-pressure mercury lamp is used as the lamp 
for wavelength check. However, the light sources forming the 
present invention are not limited thereto, and other lamps can be 
used as long as the lamps are the lamp for detection and the lamp 
for wavelength check having the bright line in the wavelength 
region used for detection. 

[0045] In the spectrophotometer of the invention, as the light 
sources, the lamp for detection, which is provided for irradiating 
the light in the wavelength region used for detection, and the lamp 
for wavelength check, which has the bright line in the wavelength 
used for detection, are built therein, to thereby detect the 
reference position of the spectral element by using the bright line 



of the lamp for wavelength check which is within the wavelength 
region used for detection. Therefore, the wavelength check can be 
carried out in the wavelength region used for detection, so that 
the accuracy of the spectral wavelength can be improved. 
[0046] Also, at least one of the lamp for detection and the lamp 
for wavelength check is a see-through type , and if the lamp for 
detection and the lamp for wavelength lamp are disposed on the same 
optical path, the optical path of the lamp for detection and 
optical path of the lamp for wavelength check can be combined, so 
10 O that the reliability of the wavelength check can be improved. 

[0047] Further, in the reference position detecting section, 
(3 on/off turnings of the lamp for detection and the lamp for 
*|. wavelength check, and operations of the spectral element driving 
1,^ mechanism and the light detecting section are controlled such that 
15 after only the lamp for wavelength check is lighted up to detect 

h-.it 
;»* 

the reference position of the bright line, the lamp for detection 
r * is lighted up to detect the reference position of the zero-order 
light or the reference position of the bright line. Accordingly, 
it is not necessary to turn off the lamp for detection at the time 

20 of wavelength check when the power supply is switched on, so that 
lighting up of the lamp for detection can be made only once, to 
thereby prevent shortening the life of the lamp for detection. 
[0048] While the invention has been explained with reference to 
the specific embodiments of the invention, the explanation is 

25 illustrative and the invention is limited only by the appended 
claims . 
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